The development of homozygous breeding lines in maize may be accelerated through the use of haploids. Thus, the obtaining and prior identification of haploids generated by the haploid inducer lines is an important factor. The purpose of this study was to identify haploids by flow cytometry and to correlate the nuclear DNA content to the morphological and morphometric traits of the seeds that gave rise to them. In addition, molecular markers were used to confirm the androgenetic nature of the haploid. The seeds obtained were derived from the cross between the inbred line W23 and the commercial hybrid P30F90. Among these seeds, a group was selected, putative haploids, whose embryo was white and the pericarp purplish. This group, consisting of 330 seeds, was characterized based on seed morphology, seed morphometry and nuclear DNA content. Flow cytometry analyses identified four haploids, and all of them were small size plants and had brittle leaves. The weight, length, thickness and width of the haploid seeds were very variable indicating that morphometric traits do not constitute reliable data for visual selection of haploid seeds. Based on results, the inbred line W23 induced haploid maize even under tropical conditions. Microsatellite molecular markers (SSR) proved to be efficient, confirming the androgenetic trait of the haploids.
INTRODUCTION
Haploid induction in maize (Zea mays) has allowed great advances in breeding of this crop. Doubled-haploid (DH) lines are routinely used in many companies that sell hybrid maize. This technology has been used because it provides some advantages, such as: possibility of homozygosis in only one generation; enrichment of the genetic pool of favorable genes, or elimination of unfavorable genes; and capability of providing a broad source of material for genetic mutations (DANG et al., 2011) .
In breeding programs with doubled haploids, fast and precise identification of the haploids is very important. The most used marker is based on antocyanine pigmentation, which is generated by a dominant allele of the R-navajo system (R1-nj). Nanda and Chase (1966) were the first to use coloring from aleurone in selection of haploid seeds. This allele promotes antocyanine pigmentation in the endosperm and in the embryo of the diploid seeds -the haploid seeds show pigmentation only in the endosperm, with the embryo remaining white. Nevertheless, the marker allele R1-nj has variable expressiveness, not providing a precise indication of the haploid seeds (GEIGER; GORDILLO, 2010) , and thus it is important to associate the marker with other methods, such as morphological and molecular traits, at the time of selection of the putative haploids.
In haploid induction, the use of specific breeding lines, which has been known as inducers, is important in the crosses. Two models for in vivo induction of h aploi ds m a y be di st in gui sh ed in ma iz e, th e gymnogenetic and androgenetic systems. Currently, most of the inducer lines in maize are derived from two t em per at e l in es: Stock 6, wh ich gen era tes gymnogenetics (COE, 1959) ; and Wisconsin 23 (W23), which generates androgenetic haploids (KERMICLE, 1969) . In the case of induction of the androgenetic haploid, the pollenizer will serve as the genome donor and the female as inducer (KERMICLE, 1969) . The opposite occurs in gynmogenetic induction.
Haploid plants have been screened from diploids from diverse ways. In the field, they are generally of reduced size due to the volume of their cells. In addition to this characteristic, ploidy may be confirmed by other methods, such as: flow cytometry (BARRET; BRINKAMANN; BECKERT, 2008; DANG et al., 2011; CHOE et al., 2012) , molecular markers (BELICUAS et al., 2007; DIAO et al., 2009) and isoenzymes (LIU; DOUCHES, 1993; MARKOVA, 2001) .
The purpose of this study was to a) characterize using morphological and morphometric traits the putative haploids derived from crossing of the inbred line W23 with the commercial hybrid P30F90; b) detect haploids by flow cytometry technique and to correlate the haploid trait to the morphological and morphometric traits of the seeds; and c) confirm the androgenetic nature of the haploids by SSR molecular markers.
MATERIAL AND METHODS
The research was conducted in the laboratories and experimental area of the Department of Agriculture of the Universidade Federal de Lavras. To conduct the experiment, the hybrid P30F90 was crossed with the inducer line W23 (used as female parent). In this study, we deal with androgenetic induction of haploids. The seeds obtained were sepa rated, numbered and individually morphological and morphometrical characterized. The group of putative haploids (white embryo and endosperm purplish spot) was selected and its seeds were classified in regard to position and size of the spots. In addition, the seeds were characterized based on weight (g) and morphometric traits (length, width and thickness in mm). After this stage, the seeds were placed for germination.
Nuclear DNA content measurement, using flow cytometry, was obtained from leaves of the parents and the 330 descendants. For each sample, approximately 20-30 mg of young leaves was used together with the same quantity of Vicia faba L. (internal reference standard, 2C = 26.9 picograms, pg) (DOLEZEL; SGORBATI; LUCRETTI, 1992). The samples were ground into a Petri dish containing 1 mL of cold buffer LB01 so as to obtain the nuclear suspension (DOLEZEL, 1997), to which was added 2.5ìL of RNase and stained with 25 µL of propidium iodide (1 mg mL -1 ). For each sample at least 10,000 nuclei were analyzed. The histograms were obtained in the cytometer The haploid plantlets confirmed by flow cytometry were monitored in their growth and development in the field, with the morphological differences being observed visually.
For molecular analyses, leaf samples from six individuals, grown in the field, were collected: from the parents, individual haploids 250 and 485 and individual diploids 141, 143. Both haploid and diploid materials were previously identified by flow cytometry. DNA extraction procedure was performed according to Pereira et al. (2007) . The amplification products were submitted to vertical electrophoresis for 2 hours and fifteen minutes at 125V in polyacrylamide gel 6% stained in silver nitrate and photographed with a digital camera. After verification of the polymorphism in the parents, two primers considered polymorphic (BNLG2305 and UMC1227) were used in the progenies to verify the androgenetic nature of the haploids.
RESULTS AND DISCUSSION
From the cross between the inducer line W23 and the hybrid P30F90, 1429 seeds were obtained, of which 397 were selected as the putative haploid seeds. These seeds were classified in regard to the size of the spots on the pericarp (Figure 1) . The mean values of DNA content, in pg, and the coefficient of variation (CV) related to G0/G1 peak of the parents, haploids and diploid hybrids is summarized in table 1. The representative histograms obtained from these plants are represented in figure 2. Table 1 -Mean values of nuclear DNA content and CV of the parents (W23 and P30F90), haploids and diploid hybrids.
Considering the 1429 seeds, approximately 27.8% were visually classified as haploids according to the expression of the R-nj allele. Nevertheless, the frequency of haploidy detected by flow cytometry was only 0.28%. This value is less than that suggested by Kermicle (1969) , who described that the inbred line W23 generates androgenetic haploids at a rate varying from 1 to 3%. This low induction value may have been caused by use of a temperate inducer under tropical conditions, and by the type of endosperm of the parent. This result suggests the need for tropicalization of haploidy inducer lines (PRIGGE, et al., 2011) , as well as the need for identifying new markers in haploid selection. Thus, in spite of the low percentage, the induction of haploids in the cross between W23 and P30F90 was successful, which proves that the line has potential for generating androgenetic haploids under tropical conditions. However, it is not efficient for use in plant breeding programs.
Flow cytometry has been used in studies related to doubled haploids due to its accuracy, quickly and reliability in identifying them. Dang et al. (2011) used this tool to detect false positives in bulks of maize seeds. Other authors have used this technique in other species, especially in in vitro cultures (LATADO et al., 2007; MOHAMMADI; MOIENI; JALALI-JAVARAN, 2007; PINTOS et al., 2007; PRAÇA; CARVALHO; CLARINDO, 2009; KAENSAKSIRI et al., 2011; CARDOSO; MARTINELLI; LATADO, 2012; HE et al., 2012; KLEIBER et al., 2012; MOHAMMADI et al., 2012) .
Based on the results obtained by flow cytometry, it was possible to correlate the characteristics of the seeds classified by weight, morphometric traits and presence of the R1-nj gene with the haploid trait ( Table 2) .
Morphometric characteristics, weights, lengths, thicknesses and widths of the haploids seeds, are not reliable data for visual selection of the putative haploids considering their great variation (Figure 3) . Based on the results, it might be observed that the coloring of the pericarp with antocyanine is a trait of incomplete penetrance and variable expressiveness and probably does not provide a precise indication of the haploid seeds. The results were corroborated by those obtained for Belicuas et al. (2007) .
In addition, the mean values of the weights and morphometric traits of the diploid hybrid seeds and haploids confirmed by flow cytometry show approximate values (Table 3) , indicating once more that morphometric traits do not constitute reliable data in selection of haploid seeds. It may also be seen that haploid seeds are practically the same size as diploid seeds, and it is difficult to differentiate them at the time of selection.
All four plants identified as haploids had small size, absence of ligula, presence of fragile and brittle leaves, and had a different leaf arrangement (Figure 4 ) when compared to an individual diploid. Nevertheless, it was observed that various plants considered diploids by flow cytometry are also of small size (BELICUAS et al., 2007) .
The SSR molecular marker was performed to confirm the androgenetic trait of the haploid. SSR markers have been widely used in research involving ploidy and chromosome duplication (BARRET; BRINKAMANN; BECKERT, 2008; BELICUAS et al., 2007; PERERA et al., 2008; DIAO et al., 2009; ZHANG et al., 2008; LI et al., 2009; MAYOR; BERNARDO, 2009; KEBEDE et al., 2011; PRIGGE et al., 2012) . The androgenetic trait of the haploids was confirmed by the SSR molecular markers since they have only one band, which coincides with the band of the commercial hybrid P30F90 (pollen donor), while the diploid individuals have two bands, each one corresponding to the allele of each parent ( Figure 5 ).
The results obtained are once more corrobated by those presented by Belicuas et al. (2007) , who identified four haploids among 462 plants obtained from the cross between the line W23 and the hybrid BRS1010. Two polymorphic primers were used on the parents, mmc0022 and mmc0081. The four haploids have have the same size bands as the male parent; in other words, they were characterized as androgenetic haploids. Table 3 -Morphometric means of the hybrid seeds, putative haploids and haploids confirmed by flow cytometry. 
CONCLUSIONS
The W23 line generates haploids even under tropical conditions when the P30F90 genotype is used as male parent.
Morphometric and morphological traits are not reliable for identification of haploid individuals.
The phenotypic marker system based on the R-nj allele was not reliable for haploid selection.
The SSR molecular markers were efficient in confirmation of the androgenetic trait of the W23 line.
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